. Reaction of Me3NBHzCOOX (X = H, Na, Me) 'Hydride reagent completely decomposed. bSome decomposition of hydride reagent. 'The reaction mixture was refluxed for 1 h prior to addition of MeOH and then refluxed for another 1 h. dSince Me3NBH2CH3 is very volatile, some of it may have escaped during !he reaction. eMe3NBH3 is probably formed by the displacement reaction of diborane (generated as follows: Me3NBH2COOH + NaBH, -Me3NBH2COONa + Hz + 1/zB2HP) with Me3NBHzCOOH(Na). Since no Na2BH3C00 was observed, the displacement product, BH2COOH(Na), must degrade quickly before it can convert to 1.
preparation of Me3NBH2CH3 and subsequently NH3BH(CH3)-
CONHEt,l0 the amide of the boron analogue of alanine (the first boron analogue of amino acids with a side chain). With NaH as the hydride source and X = Na, formation of small amounts of 1 was observed along with major decomposition.
Formation of 1, MBH3CH3, and in some cases Me3NBH2CH3 depends upon the rate of the following two reactions: (a) displacement of Me3N by H-; (b) reduction of the carbonyl group (Scheme 11). In the case where X = Me (and reduction is observed), the reduction of carbonyl is much faster than displacement of Me3N. Thus, formation of only Me3NBH2CH3 (in small amounts) is observed upon reduction with K-Selectride (KB[CH(CH3)C2H513H or LiAl (O-'Bu),H. With stronger hydride reagents, reaction b is followed by reaction a.
The carbonyl group in 2 is quite difficult to reduce, and when NaAlH2Et2 is used as the hydride source, both reactions proceed at a similar rate. The carbonyl group of 1, formed by displacement of Me3N from 2, is even harder to reduce not only because of the negative charges on the adjacent atoms but also due to the insolubility of 1 in THF. From the data presented in Table I , it is also clear that the partially reduced species are very susceptible to reduction and are probably reduced as soon as they are formed.
In summary, a convenient synthesis of sodium boranocarbonate is described. Not only does it easily make available large amounts of 1 for biological studies and for selective reduction studies, but it also provides an easy source of BH3C0 for incorporation of boron into potential BNCT agents.
In pharmacological studies" in murine model screens, compound 1 has shown significant hypochole~terolemic~~ and anti- In neutral complexes [PtX(C6H3-(CH2NMe2)2-2,6)], where the two hard N donor atoms are mutually trans, this ligand gives rise to tuned reactivity toward oxidative addition. In the resulting products, the ligand not only helps stabilize higher oxidation states but at the same time, through its rigidity, also restricts the number of possible ligand arrangements and rearrangements around the metal center. The latter two characteristics are especially important, since they can promote stabilization and hence isolation of reaction intermediates. This is well illustrated by the reactions of C12 and 1 , with [PtX-(C6H3(CH2NMe2)2-2,6}] (X = C1 and I, respe~tively).l,~-~ In the reaction with C12, the Pt(1V) complex [PtC13{C6H3-(CH2NMe2)2-2,6}], i.e. the oxidative addition product, is formed quantitatively, while, in the reaction with 12, the process stops at the stage in which I2 is &xordinated to the metal center. This type of M-I2 interaction is often described as the first step in the oxidative addition of dihalogens to ds metal centers, and the product [PtI(C6H3(CH2NMe2)2-2,6}(?$-12)]s9839 was the first isolated end-on-coordinated dihalogen metal complex; a few other examples have since been reported.6*7s10
For [Pt1{C6H3(CH2NMe2),-2,6}(q1-I2)], questions arise as to the extent of the electron shift from the formally Pt(I1) center to the end-on-coordinated, electrophilic I2 molecule. The 'H NMR spectrum of this $-I2 addition complex unfortunately does not provide any information about whether the platinum center is Pt(I1) or R(IV), since no satellites arising from Pt-H coupling constants are observed on the broad resonances. Combined spectroscopic solution studies provided evidence for fluxionality, but ambiguity remains about the exact nature of this unique species in solution. In this study, we report the use of monochromatic X-ray photoelectron spectroscopy (XPS) for determination and comparison of the Pt 4f binding energies of the Pt 2,6)(f-I2)I9 were synthesized by following published procedures. Dilute solutions in dichloromethane (approximately 5 mg/mL) were prepared, and several droplets were left to dry on the stainless steel sample stubs of the XPS spectrometer. To minimize sample degradation due to exposure to electrons, heat, and X-rays, a monochromatic X-ray source was employed, and to prevent decomposition in the ultrahigh-vacuum (UHV) chamber, the samples were cooled to liquid-nitrogen temperature. Spectra were obtained using a VG ESCALAB 200 spectrometer equipped with a monochromatic AI Ka X-ray source, a hemispherical analyzer with a five-channel detector, and a manipulator that can be cooled with liquid nitrogen. During measurement, the base pressure of the system was around 5 X 1O-Io mbar. In order to minimize sample degradation effects, the XPS spectra were obtained as follows. First, the Pt 4f and C 1s lines (pass energy 20 eV) were recorded to establish the Pt 4f binding energy state of the platinum atom in the fresh sample. Subsequently, the N Is, the C1 2p or I 3d, and the C 1s peaks were recorded to determine precise binding energies of N 1s and C1 2p or I 3d, followed by a broad-range scan (pass energy 100 eV) to measure peak intensity ratios. During all these. measurements, the Pt 4f and C 1s signal were monitored to check for a stable binding energy of the Pt 4f doublet. All binding energies were determined by computer fitting of the measured spectra, and sample charging, typically between 0.5 and 3.5 eV, was corrected for by reference to the C 1s peak at 284.6 eV. Note that the C 1s signal is due not only to carbon in the complex but also to contaminant carbon from exposure of the sample to the air and the vacuum of the entry lock of the spectrometer. We estimate that the contaminant carbon accounts for roughly 50%-70% of the carbon signal. In particular, the inhomogeneous charging of the complexes leads to rather broad peaks and the fwhm varies slightly per sample. The values obtained for the binding energy have uncertainties of about 0.3 eV; this is the practical limit imposed by calibration errors, reproducibility, and instrumental resolution.
Results
Broad-energy-range scans (not shown) were used to obtain I 3d/Pt 4f, C12p/Pt 4f, and N ls/Pt 4f peak intensity ratios. These values should be consistent with the elemental stoichiometry of the complexes, and they thus provide a check of sample integrity under the measuring conditions employed. The measured intensity ratios are given in Table I . For the two Pt(I1) complexes, the Pt(1V) product [PtC13(C6H3(CH2NMe2)2-2,6)1 , and the Pt-l-I, species, the N ls/Pt 4f intensity ratios are equal to 0.23 f 0.01. The ratios did not vary during measurements; i.e., the tridentate organic ligand does not evaporate from the samples in UHV. The C1 2p/Pt 4f ratio value of the precursor Pt(I1) complex [PtCl-(C6H3(CH2NMe2),-2,6)] compared to that of the PtIVCl3 oxidative addition product is approximately 3 times higher; these peak ratios are expected because peak intensities are linear in concentrations. However, for the Pt-$-I2 species, the I 3d/Pt 4f ratio is approximately twice that of [PtI[C6H3(CH2NMe2)2-2,6}] whereas a factor of 3 would be expected. This indicates that the sample is an approximately 50%-50% mixture of [PtI(C6H3-(CH2NMe2)2-2,6)] and [PtI(C6H3(CH,NMe2),-2,6)(11-I2)]. This, although not ideal, is nevertheless sufficient for determining the binding energy of the [PtI(C6H,(CH,NMe2)2-2,6}($-12)] compound, which is known to be labile in solution and to slowly lose I, when heated for extended periods under vacuum. Firm conclusions regarding the binding energies of the different I atoms however cannot be drawn.
( 1 1 Pt(I1) and Pt(1V) are similar to those reported by other auHowever, one has to bear in mind that the oxidation state formalism used here is simply an artificial aid to systemization. According to the charge potential the Pt 4fTI2 binding energy depends both on the charge on the platinum atom and on the intramolecular Madelung potential from the charges on all other atoms in the complex. In the closely related series of complexes we used, binding energy shifts can be interpreted in terms of different charges on the platinum and differences in Madelung potential due to the halogen atoms. This implies that if the metal center in the Pt7l-1, species were Pt(1V) instead of Pt(II), the charge on the ~l -1~ iodine atom closest to platinum would have to be 3-4 times higher than that on a C1 atom in [PtC13(C6H3(CH2NMe2)2-2,6)] to yield a binding energy of 72.5 eV. This amount of charge appears unrealistic, and we conclude that the Pt(I1) assignment for the [PtI(C6H3(CH2NMe2)2-2,6)($-12)] complex is consistent within the charge potential model. For the Pt-~$1, species, this indicates a lower electron density on the platinum atom, consistent with the proposed mechanism of its formation and its bonding description. The formation of this compound is the very first step in the oxidative addition of I2 to a d8 metal center whereby nucleophilic attack of the filled dZZ orbital on the I2 molecule leads to electron donation from the th0rs.16~18~21-23 The exact position(s) of the Pt 4f peak(s) is (are) a direct indication of the platinum oxidation state. XPS spectra of the four organoplatinum complexes that cover the Pt 4f region are shown in Figure 2 together with a spectrum of a platinum metal wire reference for Pt(0). As Figure 2 shows, the Pt 4f7/2 peak of [PtC13(C6H3(CH2NMe2)2-2,6)] appears a t a binding energy approximately 2 eV higher than the corresponding peaks of [PtI{C6H3(CH2NMe2)2-2,6]] and [PtCl(C6H3(CH2NMe2)2-2,6]] (72.2 and 72.0 eV, respectively); these latter lie approximately 1 eV to the higher binding energy side of Pt(0). The species [PtI(C6H3(CH2NMe2)2-2,6)(9'-12)] has a Pt 4f7/2 binding energy peak at 72.5 eV; i.e., its value is closely comparable to that of the Pt 4f7/2 peaks for the precursor Pt(I1) species. On this basis, the metal atom in this Pt-$-12 species can be assigned a formal oxidation state of 2+.
A summary of the binding energies of the Pt 4f7/2 as well as the I 3d5,,, C1 2p, and N 1s peaks is given in Table 11 . The binding energies of the N Is, C1 2p, and I 3d peaks are in agreement with those expected for these elements in the environments found in the complexes of Figure 1 and N i ( C 0 ) 4 to form the seven-metal, 100- 
Experimental Section
Warning! In these reactions, the very highly toxic Ni(CO), is produced as an intermediate.
General Procedures. All manipulations were carried out with the use of standard Schlenk techniques under an atmosphere of prepurified N2.9 Solids were handled in a Vacuum Atmospheres drybox with a Dri-train recirculator. The use of clamped O-ring ware permitted slightly positive pressures in the reaction vessels. Solvents were distilled from appropriate drying agents before use.Io Solution infrared spectra were recorded on a Bomem MB-Series FTIR spectrometer at 2-cm-' resolution with 0.1 mm path length CaF, solution cells. I3C NMR spectra of 13C-labeled compounds were recorded on a Varian XL-400 spectrometer operating at 100.58 MHz. The solvent was used as an internal reference. FAB mass spectra, obtained by Cs' bombardment of samples in a m-nitrobenzyl alcohol matrix, were recorded by Dr. D. L. Hung of Northwestern
